This paper examines the impact of inulin, Lactobacillus spp. (candidate probiotics), and synbiotic (inulin + Lactobacillus spp.) preparation on oxalate degrading activity and viability of Escherichia coli. In this study, the lowest viability of E. coli was recorded for the synbiotic treatments of Lactobacillus fermentum BP5 (59%) and IP5 (60%). The oxalate degrading activity of L. fermentum IP5 was 38.18 and 29.60% higher than the other strains after growth in 10 mM and 20 mM MRS-ox plus 5% inulin media, respectively. The mixture of three strains demonstrated higher oxalate degrading capacity than the individual strains and showed the same good growth rates (9.43 CFU mL À1 ) as individuals. The study concludes that the addition of prebiotics has a significant effect on probiotics; therefore, a combination of L. fermentum IP5 with inulin could be a viable probiotic-based functional food approach in administering oxalate metabolism and also treatment of E. coli-related infections.
Introduction
The increased awareness and demand of consumers for safe, high-quality functional foods is currently a fact that food industries have already taken into consideration. Functional foods are products that can satisfy the consumer demands for healthy lifestyles and contain components that have health-promoting effects beyond satisfying traditional nutrient requirements (Bogue et al., 2017) . Consumers have become more concerned about the amount of chemical additives in their diets and are seeking 'natural' or chemical-preservative-free foods. New eating habits and trends in disease prevention through diet have forced the creation of functional foods capable of alleviating or preventing gastrointestinal and cardiovascular diseases or even cancer (Ambalam et al., 2016; Chaiyasut et al., 2017) . Many of these advances have been achieved due to the addition of probiotics into foods and some soluble and fermentable fibres known as prebiotics (Oliveira et al., 2012) .
Probiotics are live microorganisms that, when administered in adequate amounts, confer a health benefit on the host (Hill et al., 2014) . Numerous health benefits have been reported associated with the consumption of probiotic-containing foods. Lactobacillus spp. are well-known probiotics. Lactobacilli are claimed to provide a number of health benefits including anti-tumour effects (Dasari et al., 2017) , anti-cholesterol effects (Tulumoglu et al., 2014) , immuno-modulation (Jensen et al., 2015) , treatment of diarrhoea (Mantegazza et al., 2018) and antimicrobial effects against pathogens (Tulumoglu et al., 2013) . Consuming probiotics is not the only way to re-establish balance of human health. Dairy foods usually contain prebiotics, a dietary prebiotic is defined as 'a substrate that is selectively utilised by host microorganisms conferring health benefit' (Gibson et al., 2017) . Among prebiotics, inulin was shown to exert a protective effect on lactic acid bacteria (LABs) by stimulating their survival and activity during storage of the final product (Balthazar et al., 2018) . Inulin is a water-soluble storage polysaccharide and belongs to a group of non-digestible carbohydrates called fructans (Shoaib et al., 2016) . Many foods naturally high in inulin or oligofructose, such as chicory, garlic, onions, leek, bananas, sprouted wheat, have been regarded as 'stimulants of good health' for centuries (Roberfroid, 2007) . In order to enhance the viability of probiotic cells in dairy products and promote their growth in the human gut, ingredients such as prebiotics need to be present (Terpou et al., 2017) . It is also important to underline that prebiotics may have additional beneficial effects for the host because they can bind dangerous toxins and prevent adhesion of pathogens to gut epithelium thus negatively affecting pathogen interaction with the host. On the contrary, the growth of harmful microbes should not be enhanced by the metabolisation of prebiotics (Huebner et al., 2007) . Experimental and clinical studies showed that common pathogens such as Escherichia coli, Salmonellla spp. and Campylobacter spp. can cause enteric diseases with diarrhoea.
Kidney stone disease is a worldwide problem with a global prevalence of 1-20%, and the incidence rate has constantly increased in the past decades . Although the direct cause of kidney stone formation is not known, reports have suggested it is probably a multifactorial disease (Hornberger & Bollner, 2018) . Approximately 75% of all kidney stones are composed primarily of calcium oxalate, with hyperoxaluria considered to be a primary risk factor for this type of stones (Liebman & Al-Wahsh, 2011) . Recent studies have shown that bacterial degradation of oxalate in the intestine decreases oxalate absorption, and a reduction in the urinary oxalate level decreases the incidence of calcium oxalate stone formation (Mehta et al., 2016; Zhao et al., 2017) . In addition, several studies proposed that Lactobacillus and Bifidobacterium species possess oxalate degrading activity and documented a significant reduction in urinary oxalate levels associated with probiotic administration in both animals and humans (Campieri et al., 2001; Weese et al., 2004; Lieske et al., 2005; Murphy et al., 2009; Okombo & Liebma, 2010) . Lollo et al. (2015) showed that regular consumption of probiotic Minas Frescal Cheese exerted a prophylactic effect against hypertension, and significant effects on renal function parameters could occur over a longer experimental period. Gomathi et al. (2015) observed that probiotic Lactobacillus strains and quercetin administered to rats significantly reduced urinary oxalate levels and oxidative stress.
Recently, a new strategy has been developed using probiotics in combination with prebiotics, such as oligosaccharides, which resulted in the so-called 'synbiotics' (Fernandes et al., 2017) . The aim is to obtain synergistic effects of the two compounds through both an improvement of the probiotic colonisation and a metabolic effect. Such a synbiotic approach has been shown to be more effective than probiotics or prebiotics alone on the improvement of life quality in patients suffering from ulcerative colitis (Fujimori et al., 2009) . Synbiotic are regarded as a very appealing treatment to prevent colorectal cancer (Le Leu et al., 2010) , to reduce the adverse effect of chemotherapy (Motoori et al., 2017) and to decrease bacterial translocation (Xue et al., 2017) . The oxalate degrading capacities of Lactobacillus rhamnosus, Lactobacillus fermentum and Lactobacillus brevis strains were only evaluated individually in previous studies (Campieri et al., 2001; Turroni et al., 2007; Gomathi et al., 2014) . As the gastrointestinal microbiota is a diverse and complex ecosystem with different species, it will be valuable to evaluate the combined effects of strains of different species. Thus, we executed the experiments with prebiotics (Inulin), candidate probiotics (L. rhamnosus, L. fermentum, L. brevis and consortium of these species), and synbiotic (Inulin + Lactobacillus spp. species) preparations to assess their effects on oxalate degrading activity. To enhance therapeutic functions of synbiotics, we also tested the prebiotic efficacy of inulin through antagonistic interaction of oxalate degrading Lactobacillus spp. against E. coli.
Materials and methods

Bacterial strains and growth conditions
Lactobacillus rhamnosus MP1, L. fermentum BP5, IP5 and L. brevis YG7 strains were isolated from different traditional home-made Turkish cheese samples, which were collected from various villages in Turkey. The strains were firstly identified based on Gram's stain, morphology and catalase reaction. In addition, these strains were identified with 16S rDNA sequencing with these sequences searched in the GenBank DNA database using Blast function (S€ onmez et al., 2018) . Four strains of Lactobacillus spp. among 20 strains were selected as they exhibited the lowest (L. fermentum BP5) and the highest (strains L. rhamnosus MP1, L. fermentum IP5 and L. brevis YG7) resistance to gastrointestinal conditions, exopolysaccharide (EPS) production, antimicrobial activity, resistance to different antibiotics, cholesterol-lowering activity, autoaggregation and coaggregation (Onal Darilmaz et al., 2015a,b; S€ onmez et al., 2018) . Lactobacillus acidophilus NCFM was used as a positive control (Azcarate-Peril et al., 2006) while Lactobacillus delbrueckii DSM 20074 (Turroni et al., 2007) was used as the negative control in oxalate degradation experiments.
In order to prepare active cultures for all experiments, Lactobacillus spp. strains were activated with three successive transfers every 18 h in De Man Rogosa-Sharpe broth (MRS, Merck, Germany) and were incubated at 37°C. Escherichia coli ATCC 11105, which was used as the target bacterium, was maintained on Nutrient Agar (NA, Merck, Germany) and cultured in Nutrient Broth (NB, Merck, Germany) overnight at 37°C for 16 h before use. All tests were carried out in triplicate. The anaerobic conditions were ensured in a Merck anaerobic jar with a pad of Oxoid TM CO 2 Gas Generating Kit (Oxoid Ltd, Basingstoke, UK). The bacterial strains were stored at À80°C in MRS containing 40% glycerol (Merck, Darmstadt, Germany) and subcultured twice before use.
Prebiotic effect of inulin on the growth of Lactobacillus spp. strain and E. coli Lactobacillus spp. strains, E. coli and mixed cultures were tested for their growth in the presence of 5% inulin (from chicory, Sigma, Farma, Ankara, Turkey), as described by Kunov a et al. (2011) with some modifications. Mixed cultures consisted of MP1, IP5 and YG7 strains. Prior to the assays, the initial cell density in exponential growth phase was adjusted tõ 10 7 CFU mL À1 (Optical Density (OD): 0.6 AE 0.2 at 600 nm approximately). The strains were inoculated to 50 mL of MRS medium (pH 6.8) at a level of 2% v/v and then incubated at 37°C for 18 h. After incubation, the activated and optically standardised microorganisms were inoculated (2% v/v) in 5 mL of MRS medium (for control, pH 6.8) and MRS medium containing 5% inulin (pH 6.8). To prepare the mixed culture, an equal volume (2% v/v) of each strain (MP1, IP5, and YG7) was inoculated to both media, and then all the inoculated media were incubated at 37°C for 24 h. To screen the effect of inulin on the growth of Lactobacillus spp. strain, the aliquots of 0.1 mL were removed after 24 h to determine the total viable count. Viable cell counts were determined on MRS agar by incubating the plates for 24 h at 37°C. Plates containing 30-300 colonies were then enumerated and expressed as log 10 values of colony forming units per mL (CFU mL À1 ). The same design was also applied with E. coli ATCC 11105 strain to determine the effects of inulin on the target bacterium which is a clinic isolate from human intestinal origin (Massi et al., 2006) . The same procedures were also performed for E. coli ATCC 11105 using NB (for control, pH 7.0) and NB medium containing 5% inulin. After incubation at 37°C for 24 h, viable cell counts of E. coli ATCC 11105 were estimated on Nutrient Agar (NA) by incubating the plates aerobically for 24 h at 37°C. The final pH and OD of all cultures were also measured. The survival percentage was calculated as follows:
Effects of inulin, Lactobacillus spp. strains and their synbiotic combination on the growth of E. coli
The synergistic inhibitory effect of synbiotic combinations, which consist of Lactobacillus spp. + inulin and mixed culture + inulin, was tested against E. coli ATCC 11105 according to Rada et al. (2008) with some modifications. For each experiment, a tube containing 5 mL of MRS broth plus 5 mL NB and 5% inulin was inoculated to contain~10 7 CFU mL À1 of both lactobacilli strains and E. coli. The tubes were incubated at 37°C for 24 h. Afterwards, serial dilutions were plated on MRS and NA media to assess the growth of Lactobacillus spp. and E. coli, respectively. Pure cultures of each strain were subjected to the same treatments and used as controls. The final pH and OD of all the cultures were also measured. Survival percentages of Lactobacillus spp. and E. coli strains were estimated separately as follows:
Testing the effects of prebiotic and synbiotics on oxalate degradation in vitro
To determinate the effect of prebiotic on the growth and oxalate degrading capacity of Lactobacillus spp. strains, two culture media which contained 10 and 20 mM sodium oxalate (MRS-ox) were prepared as previously described by Campieri et al. (2001) . The base media were supplemented with 5% inulin (MRS-ox plus inulin). Culture broths were inoculated with 5% fresh culture and incubated at 37°C for 72 h under anaerobic conditions. Control media were prepared for each sample (MRS-ox broth and MRS-ox plus 5% inulin), but they were not inoculated. OD measurements (600 nm) and plate counts (CFU mL À1 ) were performed to determine the growth of each strain in 10 and 20 mM MRSox plus 5% inulin in comparison to the growth in MRS. Sodium oxalate plus 5% inulin base media cultures and the control media were centrifuged at 4000 g for 10 min, and the supernatants were sterilised using 0.45-lm filters (Sartorius AG, Goettingen, Germany). The oxalate concentration in the culture supernatants was measured in triplicate with an oxalate enzymatic experiment kit (Trinity Biotech, Bray, County Wicklow, Ireland) based on the oxidation of oxalate by oxalate oxidase. Oxalate recovery assays were carried out to validate the experimental procedure. Mixed cultures of L. rhamnosus MP1, L. fermentum IP5 and L. brevis YG7 were also tested to determinate the synergic effects of the strains on the oxalate degrading activity.
Statistical analysis
All experiments were carried out in triplicates, and mean values are presented as means AE standard deviations. One-way analysis of variance (ANOVA) followed by Tukey's test was used to evaluate the statistical significance of the differences among the tested strains and prebiotic and synbiotic assays. Pearson rank-order correlation test was used for pH, OD and viability comparisons among the prebiotic, synibotic and oxalate containing media. Statistical analysis was performed on the data with SPSS 22.0 Bivariate Correlation Analysis (SPSS Inc., Chicago, IL, U.S.A.) with the statistical significance determined as P < 0.01/ 0.05.
Results
Prebiotic effect of inulin on the growth of Lactobacillus spp. strain and E. coli An addition of 5% (w/v) inulin to MRS medium clearly increased the bacterial growth of the Lactobacillus spp. strains and mixed culture ( Table 1 ). The survival percentage of the strains was generally higher than 100%, except E. coli ATCC 11105 and L. acidophilus NCFM strains (92% and 95%, respectively; Equation 1). Population density in MRS medium, which ranged between 6.63 and 9.36 log CFU mL À1 , increased between 0.24 and 1.07 log units for the strains growing in MRS containing 5% inulin. This increase in the viability was found to be significant (r = 0.827, P < 0.05). Although the highest level of viability in the absence of inulin (control medium) was exhibited by L. fermentum IP5 (9.36 CFU mL À1 ) among the four tested strains, L. brevis YG7 strain showed the highest level of growth (9.66 CFU mL À1 ) at 5% inulin level. The mixture of L. rhamnosus MP1, L. fermentum IP5 and L. brevis YG7 strains showed the same good growth rates (9.43 CFU mL À1 ) as individual strains in the medium containing inulin. These strains were selected from 20 Lactobacillus spp. strains as they demonstrated the highest probiotic properties and also consist of different species (Onal Darilmaz et al., 2015a,b; S€ onmez et al., 2018) .
When compared with the control, both final culture OD and pH of the strains seem to be slightly affected by inulin. On the one hand, there is no statistical correlation between the final culture OD or pH and the viability (P > 0.05). On the other hand, the difference between the mean values of the growth, final OD and pH in the different species was found to be significant at the level of 0.05 according to one-way analysis of variance.
Inulin elevated the survivability of Lactobacillus spp. strains except for L. acidophilus NCFM. In general, the viability of E. coli during incubation was lower than that of the control in presence of synbiotics. The lowest viability of E. coli was recorded for the synbiotic treatments of L. fermentum BP5 and IP5 (%59 and 60%, respectively; Equation 2), corresponding to pH decline from 6.80 to 4.37 and 4.61, respectively (Table 2 ). In contrast, the mixed culture slightly reduced the viability and pH of E. coli. The inhibition effect of the mixed culture with 5% inulin (synbiotic combination) was lower than the individual strains. The viability of E. coli was not influenced by the final culture pH or OD, and no correlation was obtained either (P > 0.05). The viability of Lactobacillus spp. strains in MRS medium containing 5% inulin was influenced by OD of the strains (r = 0.741, P < 0.05). When the final culture OD was the highest (2.60 OD), L. fermentum IP5 showed a high growth rate (10.96 log CFU mL À1 ). When OD values were below 2.0 (down to 1.32 OD), lower growth rates were obtained. The correlations between final culture pH and viability of Lactobacillus spp. strains were also found to be significant (P < 0.05).
Testing the growth of Lactobacillus spp. strains in 10 and 20 mM oxalate media and determining the effects of inulin on oxalate degrading capability in vitro A high variability in the oxalate degrading capacity was observed in the different species (Table 3) . In general, the strains showed higher viability in 10 mM MRS-ox plus 5% inulin medium than the control medium (r = 0.808, P < 0.05). However, the viabilities of L. fermentum IP5 and BP5 strains were slightly reduced by 1.23 and 1.86 log units after being grown in 10 mM MRS-ox plus 5% inulin medium. The oxalate degrading activity of L. fermentum IP5 strain was higher (38.18%) than the other Lactobacillus spp. strains after growth in 10 mM MRS-ox plus 5% inulin medium. In addition, there was no correlation between bacterial growth and oxalate degrading activity (P > 0.05). In fact, L. fermentum BP5 degraded little oxalate (11.84%) despite showing significant growth (8.09 CFU mL À1 ). When compared with the control, the oxalate degrading activity of the strains increased after growth in 10 mM MRS-ox plus 5% inulin medium. This increase was found to be statistically significant at 0.01 level (r = 0.907, P < 0.05). The mixture of L. rhamnosus MP1, L. fermentum IP5 and L. brevis YG7 strains showed higher oxalate degradation rates than individual MP1 and YG7 strains. As it was expected, L. delbrueckii DSM 20074 did not exhibit any degrading activity whereas L. acidophilus NCFM, which was used as positive control, showed better oxalate degradation in the medium containing 10 mM MRS-ox (69.89%) than 10 mM MRS-ox plus 5% inulin (46.38%). Adding inulin and 10 mM oxalate to the To test the effect of oxalate concentration and inulin on degrading activity, all strains were grown in 20 mM MRS-ox plus 5% inulin medium (Table 4) . When compared with the control (without 5% inulin and 20 mM oxalate), the viability of the strains increased after growth in 20 mM MRS-ox plus 5% inulin medium (r = 0.862, P < 0.05). The growth of L. rhamnosus MP1 and L. fermentum IP5 strains was partially inhibited by the increasing concentration of oxalate in MRS medium containing 5% inulin. However, these strains showed a degrading activity as high as L. acidophilus NCFM reference strain. L. fermentum BP5 strain showed a high degrading activity in 20 mM MRS-ox plus 5% inulin medium. However, this increase was lower than the other strains. After being grown in 20 mM MRS-ox plus 5% inulin medium, the degrading activity of the mixed culture was determined to be higher than both the individual strains in 20 mM MRS-ox plus 5% inulin medium and the mixed culture in 10 mM MRS-ox plus 5% inulin medium. An increasing concentration of oxalate in the growth medium, which also contained the prebiotic, influenced the final culture pH, OD and viability of the strains, but correlations were statistically insignificant (P > 0.05).
Discussion
Recently, a great attention is dedicated to probiotics, prebiotics and their combined use (synbiotics) due to their natural effects on human health (Reid, 2015; Shoaib et al., 2016; Motoori et al., 2017) . Prebiotics selectively stimulate the growth and/or activity of one or a limited number of bacteria in the colon, thus improving host health (Nagpal & Kaur, 2011) . According to available literature, fructo-oligosaccharides such as inulin and oligofructose are the most popular prebiotics because of their technological functionalities such as low-calorie, fat-replacing ability, improvement in overall texture, mouth-feeling and product flavour in addition to their positive effect on the growth of lactobacilli (Shoaib et al., 2016) . Kunov a et al. (2011) tested the growth of three strains of lactobacilli (L. fermentum, L. rhamnosus and L. brevis) in the presence of six different prebiotics. All the tested prebiotics were fermented with lactobacilli, and inulin obviously improved their maximal growth. Similarly, Mahboubi & Kazempour (2016) and Alp Avcı et al. (2017) also demonstrated that inulin was a good source of carbohydrate and enhanced the increase of lactobacilli population. It can be stated that the growth of all four strains (L. rhamnosus MP1, L. fermentum BP5, IP5, and L. brevis YG7) assayed in this study was stimulated by inulin. The results which were obtained in the present study are also consistent with the results of Bruno et al. (2002) and Nagpal & Kaur (2011) , who found inulin to be the most effective in stimulating the growth of Bifidobacterium spp. and Lactobacillus spp., and they concluded that the prebiotic effect depends on the strains. On the other hand, the simultaneous use of L. rhamnosus MP1, L. fermentum IP5 and L. brevis YG7 strains in the mixed culture (plus 5% inulin) showed significantly higher viability than the individual cultures. This result not only confirms the positive effect of inulin on viable counts already reported (Oliveira et al., 2011a) but also suggests the occurrence of a synergistic effect between the microorganisms. A similar effect was obtained by Oliveira et al. (2011b) with a consortium of L. acidophilus, L. rhamnosus, Lactobacillus bulgaricus and Bifidobacterium lactis strains. Different studies provide evidence that Lactobacillus species have an inhibitory effect on pathogenic microorganisms (Tulumoglu et al., 2013 (Tulumoglu et al., , 2014 Davoodabadi et al., 2015) . In our previous study, antimicrobial activity of L. rhamnosus MP1, L. fermentum BP5, IP5 and L. brevis YG7 was tested against food-borne and spoilage pathogenic bacteria (E. coli, Bacillus cereus, Salmonella enterica subsp. enterica serovar Enteritidis, Staphylococcus aureus, and Listeria monocytogenes). In that study, Lactobacillus spp. strains showed medium inhibitory activity against all the tested pathogens and a significant antimicrobial activity (91%) of the studied lactobacilli was observed against E. coli (Onal Darilmaz et al., 2015b) . In the present study, inulin selectively enhanced the growth of Lactobacillus spp. strains, corresponding to pH decline from 5.04 to 4.19. Due to these acidic conditions, viability of E. coli diminished considerably. It is considered to be beneficial for host health because certain strains of E. coli may be cause intestinal disorders such as infectious diarrhoea, antibiotic diarrhoea and traveller's diarrhoea. The greatest E. coli reduction was seen in synbiotic treatments. The highest E. coli inhibition was observed at the synbiotic combination with L. fermentum IP5 and BP5 strains. In this context, inulin in the synbiotic combinations positively regulated the population of probiotic strains and suppresses the pathogenic strains. The stimulatory effect of this biopolymer on the growth of probiotic microorganisms can be explained by the increased level of fructose released by its partial hydrolysis and its subsequent assimilation through the glycolytic pathway (Oliveira et al., 2012) . Kol a rov a et al. (2012) have observed a decrease in E. coli count after consuming synbiotics during their in vivo experiment. Kanjan & Hongpattarakere (2017) detected that the combination of inulin-degrading Lactobacillus paracasei I321 and inulin led to the complete inhibition of Salmonella under high competition of fecal microbiota by selectively stimulating indigenous and antibacterial-producing strains. Similarly, Chaiyasut et al. (2017) reported that the selected pathogenic strains, E. coli and Salmonella spp., were drastically reduced after the probiotic, prebiotic and synbiotic supplementation. It was clearly noted that the synergistic action of inulin and many bacterial metabolites contributed to anti-E. coli activity of lactobacilli. In synbiotic experiments, the mixture of MP1, IP5 and YG7 strains showed lower viability than E. coli strain. The loss in viability of Lactobacillus spp. strains in consortium treatments may be due to several factors including acid and presence of other inhibitory substances as discussed elsewhere (Sabo et al., 2015) .
In our experiments, L. rhamnosus MP1, L. fermentum BP5, IP5 and L. brevis YG7 strains which were isolated from Turkish home-made cheeses were chosen from 20 strains according to their probiotic properties. These species are important inhabitants of human intestine and are widely used in probiotic products (Ambalam et al., 2014; Shokryazdan et al., 2014; Archer & Halam, 2015) . Up to now, few studies were carried out on the oxalate degrading capacity of L. rhamnosus, L. fermentum and L. brevis strains in dairy products (Campieri et al., 2001; Turroni et al., 2007; Gomathi et al., 2014; Murru et al., 2017) . These researchers studied oxalate degrading activity in MRS medium containing oxalate. However, the effect of the prebiotic (inulin) on oxalate degrading activity of L. rhamnosus, L. fermentum and L. brevis species was not studied. Certain prebiotic ingredients promoted the secretion of antibacterial metabolites, particularly short-chain fatty acids (Likotrafiti et al., 2013; Uraipan et al., 2014) . However, inulin efficacy and antagonistic mechanisms coupled with oxalate degrading lactobacilli were not well-characterised in the presence of L. rhamnosus, L. fermentum and L. brevis strains. Therefore, L. rhamnosus, L. fermentum and L. brevis strains were chosen for this study. Weese et al. (2004) reported that some isolates of LAB could degrade oxalate when cultured in MRS broth, an optimal nutritional medium for LAB, which indicates that oxalate degradation also occurs when a prebiotic source is available. LAB can ferment not only oxalate but also many other carbon sources. However, the effect of other carbon source on the oxalate degrading capacities of these bacteria remains unclear (Ren et al., 2011) . In our study, L. fermentum IP5 is a good oxalate degrader but characterised by a reduced growth. Lactobacillus fermentum BP5 grows low in the presence of 10 and 20 mM MRS-ox plus 5% inulin and is not as good as other oxalate degraders. Lactobacillus brevis YG7 has both properties to some extent (Table 4 ). In the present study, the correlations between oxalate degradation rate and bacterial growth were statistically insignificant (P > 0.05). However, strain-dependent correlation was determined in this study. Weese et al. (2004) proposed that the increase in oxalate degradation with the prebiotics was due to increased bacterial growth. On the one hand, Campieri et al. (2001) determined that no correlation exists between bacterial growth and oxalate degradation rate. On the other hand, Ren et al. (2011) reported that the correlation is isolate dependent. Oxalyl-CoA decarboxylase (oxc) and formyl-CoA transferase (frc) are key enzymes involved in the bacterial detoxification of oxalate within the human intestinal tract. Oxalate is a potential toxic compound widely distributed in food. Oxalobacter formigenes has been the first oxalate degrading microorganism isolated from human intestine whose survival relies on oxalate as the sole energy source and has two enzymes for oxalate metabolism (Dawson et al., 1980) . Turroni et al. (2007) analysed Lactobacillus strains to detect oxc and frc genes and showed the presence of two adjacent genes that are highly similar to O. formigenes frc and oxc genes. This researcher also detected the ability to utilise the oxalate in L. acidophilus and Lactobacillus gasseri strains with different degradation efficiencies and suggested that the oxalate degradation is a phenotype conserved in Lactobacillus species. Campieri et al. (2001) reported 0.94% and 0.73% oxalate degrading activity after 3 days of incubation with L. brevis in 10 and 20 mM ammonium oxalate media, respectively. Gomathi et al. (2014) obtained oxalate degrading activity ranging between 54.8% and 58.3% in the fermentation of 10 mM potassium oxalate (KOX) with L. fermentum TY5, TY12 and AM3 strains. On the other hand, Turroni et al. (2007) obtained 20% and 47% degrading activity in the fermentation of 5 mM sodium oxalate with L. rhamnosus PB41 and PB45 strains. When these results are compared with our findings, oxalate degrading activity in this study was found to be lower than the studies by Campieri et al. (2001) and Gomathi et al. (2014) , but it was found to be higher than the research by Turroni et al. (2007) . In terms of differences withinspecies, we observed that the oxalate degradation rates of the same strain were variable in different oxalate concentrations. Differences within-species or withinstrains in terms of oxalate degrading activity could be explained with physiological state of cells (Turroni et al., 2010) , acidic conditions, and pre-adapting the cells with low levels of oxalate (Azcarate-Peril et al., 2006) .
As the gastrointestinal microbiota is a diverse and complex ecosystem, we evaluated the combined effects of strains of different species on oxalate degradation activity. In our study, a mixture of three strains was used to investigate oxalate degradation after being grown in MRS-ox media containing prebiotic. The synergistic effect of synbiotic (mixed culture and inulin) on oxalate degrading activity was higher than the effect of the individual strains (P < 0.05). The degrading activity of the mixed culture increased after being grown in 20 mM MRS-ox plus 5% inulin. Nevertheless, very scarce information is available on the influence of mixed culture on oxalate degrading activity. Ren et al. (2011) report that the mixture of enterococcus or lactococcus isolates shows a significantly higher oxalate degrading capacity than the individual isolates. Different results were obtained by Ferraz et al. (2009) with the mixture of Lactobacillus casei and Bifidobacterium breve. In their study, the mixture of L. casei and B. breve was shown to possess a variable lowering effect upon urinary oxalate excretion in stone forming subjects, and they also suggested that this variable effect could be dependent on dietary oxalate intake. The difference in our study compared to the aforementioned studies is that the addition of prebiotic to MRS-ox media enhanced the degrading activity.
The toxic or stimulating effect of oxalate and inulin on viability was also investigated in this study (Tables 3 and 4 ). The results indicate that both oxalate concentrations affected the growth of Lactobacillus spp. while the oxalate with the concentration of 20 mM plus 5% inulin interestingly had a lesser effect than 10 mM oxalate plus 5% inulin. However, L. rhamnosus MP1 and L. fermentum IP5 showed a slight growth reduction in the presence of 20 mM oxalate plus 5% inulin. When compared with the control, L. fermentum BP5, IP5, L. brevis YG7 and the mixed cultures are slightly less sensitive in the presence of 10 mM oxalate plus 5% inulin. Oxalate degradingpositive L. acidophilus NCFM reference strain showed resistance to both oxalate concentrations. All the strains grew in the presence of 20 mM sodium oxalate, which illustrates that oxalate at this concentration is not toxic to lactobacilli strain.
Conclusions
For optimal health benefit, the selection of the potential probiotic capable to digest inulin is strongly recommended to formulate inulin in a synbiotic product to achieve the highest function of such a probiotic candidate. This study demonstrates that a prebiotic could increase in vitro degradation of oxalate with Lactobacillus spp. strains. Inulin (prebiotic) also played a key role in anti-E. coli activity, which could be further enhanced in combination with the oxalate degrading L. fermentum IP5. The increase in oxalate degradation which was noted with inulin and different oxalate concentrations was assumed to be the result of increased synergistic effect of the strains. The differences in prebiotic response suggest that a synbiotic combination might result in the optimal increase in oxalate degradation. However, it must be noted that the in vitro techniques used in this study are not fully sufficient to justify a definite conclusion on the use of synbiotics for the treatment of hyperoxaluria. Further in vitro and in vivo studies are required for a better understanding of the oxalate degrading mechanism.
